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BACKGROUND OF THE INVENTION 

!• riBLD OP THE INVENTION: 

Tho present invention relates to a head support 
9 mechanism proviaea in a magnetic disk apparatus for use in 
a computer etoragc apparatus and the like. More 
particularly, tne present invention relataa to an optimal 
head support mechanism for bigh^denslty data recording, and 
a ttiin film piezoelectric actuator suitable for the head 
10 support mechanism. 

2. DESCRIPTION OF THE RELATED ART: 

Recently, the recording density of a magnetic disk 
provided in a magnetic disk apparatus . has been vigorously 

IS IncreasAd. A magnetic head for use In recording and 
reproducing data to and from a magnetic disk lis typically 
provided on a allder . The slider carrying the magnetic head 
is supported on a head support mechanism provided in a 
magnetic disk apparatus . The head support mechanism has a 

20 head actuator arm to which the slider la attached. The head 
actuator arm is rotated by a voice coll motor (VCH) . The 
head provided on the slider is placed aL an arbitrary 
position on a magnetic disk by controiling the voice coil 
motor. 

25 

High-density data recording on a magnetic disk 
requires a high level of precise poeitionlng of the magnetic 
head. In the case where the positioning o£ the magnetic head 
is performed by the VCM rotating the head actuator arm, there 
30 is a problem in that the positioning of the magnetic head 
is less preoise. To avoid such a problem, a head support 
mechanism has already been proposed which achieves 
high-precision positioning of the magnetic head. 
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Flguxo 45 is a top view illustrating a conventional 
head support mechanism 400 for use In a magnetic disk 
apparatus. A head 402 ie used to record and reproduce data 
9 to and trom a rotating magnetic dlslc (not shown} . The 
head 402 is supported on an end portion of a suspension 
arm 404, The other ena portion of the suspension arm 404 
is supported on a projection portion 408 provided in the 
tip portion of a carriage 406 in sucn a manner as to rotate 
10 within a small angle range on the projection portion 400. 
A base portion of the carriage 406 is supported on an axis 
member 410 £ixed to a housing of the magnetic disk apparatus 
m such a manner as to rotate on the axis member 410. 

15 A permanent magnet (not shown} Is fixed to the 

carriage 406. A drive coil 414 as a part of a magnetic 
circuit 412 fixed to the housing is controlled by an 
excitation current flowing therethrough. The carriage 406 
la rotated on the-^ axis member 410 by interaction of the 

20 permanent magnet and the drive coil 414. Thereby « the 
head 402 is moved in a substantially radial direction of 
a magnetic disk. 

A pair of pieaoelectrlc elements 416 ore provided 
25 between the carriage 406 and the suspension arm 404. The 
longitudinal directions of the piesoelectrlc elements 416 
are slightly deviated from the longitudinal direction of 
the carriage 406 in opposite directions. The suspension 
arm 404 is rotated within a small angular range on the 
30 projection portion 408 and along a surface of the 
carriage 406 by expansion or contraction olong a direction 
indicated by arrow A14 of the plesoelectric elements 416. 
Thereby, the head 402 attached to the tip portion of the 
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suspension arm 404 is movad along a surface of a magnetic 
disk within a small range so that the head 402 oan be 
precisely placed at a desired position on the magnetic disk. 

5 in the conventional head support mechanism 400 of 

Figure 46 « each piezoelectric element 416 is interposed 
between the suspension arm 4D4 and tn© carriage 40S. Side 
portions in the longitudinal direction of each 
piezoelectric element 416 contact tha AUBpension arm 404 

10 and the carriage 406. Deformation of eaah pleaoelt^ctric 
element 416 causes tfie suspension arm 404 to be rotated so 
that the head 402 is slightly displaced. In other words « 
a voltage is applied to each piezoelaotrio element 416 to 
cause the rotation of the suspension arm 404, resulting in 

15 a sma Li displacement of the head 402 , However, the head 402 
does not always follow the voltage applied to each 
piezoelentrlc element 416 with great precision. It is thus 
unlikely that the head 402 is precisely placed at a desired 
position. . ^ 

20 

SUMBUVRY OF !FHE INVENTION 

According to one aspect of the present invention, 
a head support mechanism includes: a slider for carrying 

25 a head at least for performing reproduction of data from 
a disk; and a holding portion for holding the Slider. The 
holding portion includes i a first portion including a first 
piezoelectric element ; a second portion including a second 
piezoelectrio element; a third portion connected to the 

30 first and second portions, the slider being provided on the 
third portion; and a fixing portion for fixing the first 
and second portions. At least one of tbe first and second 
piezoelectric elements is contracted and expanded In a 
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direction substantially parallel to a surface of the aisK. 
in the presence of an appllod voltage so that the allder^ 
provided on the third portion is rotated around a 
predetermined center of rotation. 

5 

In one embodiment of this invention « the head 
support mechanif^m further includes a load beam provided at 
a side of the holding portion opposite to the slider. The 
load beam includes a dimple projecting toward the slider 

10 in such a manner as to apply a load to the slider • The holding 
portion further includes a first joining portion for joining 
the first and third portions « and a second joining portion 
for joining the second and third portions. The dimple is 
provided at a substantially middle point between the first 

15 and second joining portions. 

In one embodiment of this invention, the first and 
second joining portions Include first and second elastic 
hinges « respectively, each having a width sufficient to 
20 reduce a load reaulred for rotation of the slider. 

In one embodiment of this invention « the first and 
second portions include first ud second conductor patterns 
provided along the first and second elastic hinges, 
25 respectively . The first and second elastic hinges each have 
a minimum width required for providing the first and second 
conduotor patterns « respectively. 

In one embodiment of this invention, the head 
30 support mechuism further includes: a load beam provided 
at a side of the holding portion opposite to the slider; 
and a slider holding plate provided between the third portion 
included in the holding portion and the load b am. The load 
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beeuD Includas a Oliqple projecting toward the slider In Buch 
a manner as to prese the third portion via the slider holding 
plate. The slider holding plate has suoh a shape that the 
center of gravity of a combination of the slider holding 
5 plate and the slider substantially corresponds to the 
predetermined oentcr of rotation. 

In one embodiment of this invention, the load boom 
includes a regulation portion for regulating the slider 
10 holding plate. 

In one embodiment of this invention, the dimple 
contacts a point of the sltfler holding plate to support the 
slider holding plate pressing the third portion In such a 
15 manner tr\at the third portion can be rotated In all 
directions Including a pitch direction, a roll direction, 
and a yaw direction. 

In one embodiment of this invention, the head 
20 support mcchaniam further Includes: a load beam provided 
at a side o£ the holding portion opposite to the slider 9 
and a slider holding plate provided between the third portion 
Included In the holding portion and the load beam. The load 
beam Includes a dimple projecting toward the slider in such 
25 a manner as to press the third portion via the slider holding 
plate. The slider provided on the third portion is rotated 
on the dimple acting as the predetermined center of rotation. 

In one embodiment of this Invention, the second 
30 portion is provided in such a manner that a distance between 
the sooond portion and the surface of the disk is 
substantially equal to a distance between the first portion 
and the surface of the disk. 
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In one ombodlmant of this Invantlonr the first 
portion Includes a first electrode for applying a voltage 
to the first piezoelectric element; and the second poirtlon 
5 Includes a second eleccrode for applying a voltage to the 
eecond piezoelectric element. 

In one embodiment of this Invention, the first 
portion includes a first substrate. The second portion 

10 Includes a second substrate. The first and second 
eubstrates are provided along a tangential direction of the 
dlek. At loast one of the first and second plesoelectrlc 
elements is contracted and expanded In a direction 
substantially puallel to the surface of the disk In such 

15 a manner that at least one of tne first and second substrates 
is bent In a direction nearlng or leaving the disk, so that 
tne slider carrying the head Is rotated by a small amount 
In a yav direction. 

20 In one embodiment of this invention, at least one 

of the first and second piezoelectric elements is contracted 
and expanded la a direction substantially parallel to the 
surface of the disk in such a manner that only one of the 
first and second substrates Is bent In a direction nearlng 

25 or leavlngf the disk, so that the slider carrying the head 
id rotated by a small amount in a yaw direction. 

In one embodiment of this invention, the first and 
second portions further include first and second flexible 
30 materials covering the first and second piezoelectric 
elemento and the first and second substrates, respectively. 

In one embodiment f this invention, the slider has 
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an air beaxlng surface on which an appropriate air flow is 
generatea between the slider and the rotating disk. The 
third portion is arranged so that a center position of the 
air bearing surface substantially corresponds to the 
5 predetermined center of rotation. 

Accordi ng to another aspect of the present invention, 
a head support mechanism includes ; a slider for carrying 
a head at least for performing reproduction of data from 

10 a disk; and a holding portion for holding the slider. The 
holding portion includes s a first portion including a first 
piosoelectric element ; a second portion including a second 
piezoelectric element: and a fixing portion for fixing tho 
first and second portion. At least one of the first and 

15 second piesoelectric elements is contracted and expanded 
in a direction subs Lent ially parallel to a surface of the 
disk, in the presence of an applied voltage so that the slider 
is rotated around a predetermined center of rotation. The 
head support medhanism further includes: a load beam 

20 provided at a aide of the holding portion opposite to the 
slider; and a slider holding plate provided between the 
holding portion and the load beam and provided at a position 
corresponding to the slider. The load bean includes a 
dimple projectlnq toward the slider in such a manner as to 

25 press the third portion via the slider holding plate. The 
slider holding plate has such a shape that the center of 
gravity of a combination of the slider holding plate and 
the slider substantially corresponds to the predetermined 
oenter of rotation. 



30 



In one embodiment of this invention, the holding 
portion further Includes a third portion, the slider being 
provided on tho third portion. At least one of the first 
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and second piezoelectric elements is contracted and 
escpanded In a direction substantially parallel to the 
surface of the dlsic* m the prasenaa of applied voltage so 
tbat the third portion Is rotated around the predetermined 
S center of rotation. 

In one embodiment of this Invention < the holding 
portion includes a firat joining portion for joining the 
first and third portions, and a second joining portion for 
10 joining the second and third portions . The dimple Is 
provided at a substantially middle point between the first 
and second jolnln<i portions. 

In one embodiment of this Invention » the slider 18 
15 rotated on the dimple aorresponding to tho predetermined 
center uf rotation. 

In one emocdiment of this invention, tne second 
portion is provided in suoh a manner that a distance between 
20 the aecona portion and the surface of the disk la 
substantially equal to a distance between the first portion 
and the surface of the disX. 

According to still another aspect of the present 
25 invention, a method for producing a thin film piezoelectric 
eiament. includes the steps of z a] forming a first metal 
eleotrode film, a first thin film piezoelectric element, 
and a second matal electrode film on a first substrate In 
this order,- b) forming a third metal electrode film, a 
30 second thin film piezoelectric element, and a fourth metal 
electrode film on a second substrate in this order; 
c) attaching the second metal electrode film to the fourth 
metal electrode film; d} removing the first substrate by 
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etching; a) snaplng the first metal electrode film, the 
first thin film piosoelectrlo element, the second metal 
electrode fUcn* the fourth metal electrode film, the second 
thin £ilm plcsoelectric element, and the third metal 
5 electrode filmj f ) covering the first metal electrode film, 
the first thin film piezoelectric element, the second metal 
electrode film, the foisrth metal electrode film, the second 
thin film piezoelectric element i and the third metal 
electrode film, with a coating resin; and g) removing the 
10 second substrate by etchlag. 

In one embodiment of this invention i the lirst and 
second substrates are each a mono-crystal substrate « 

15 In one embodiment of this invention, the linear 

expansion coefficient cf the first substrate is greater than 
the linear expansion coefficient of the first thin film 
piezoelectric element . The linear expansion coefficient of 
the second substrate is greater than the linear expansion 

20 coefficient of the second thin film piezoelectric element. 

In one embodiment of this invention, step c] 
includes attaching the second metal electrode film to the 
fourth metal electrode film using a conductive adhesive. 

in one embodiment of this Invention « step c) 
includes attaching tho second metal electrode film to the 
fourth metal electrode film using a thermal melting 
technique using ultrasonic vibration. 

30 

In one embodiment of this invention t step a) 
includes forming the first thin film piezoelectric element 
in such a manner thai a polorizaLlon direction of the first 
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thin film piezoelectric element substantially corresponas 
to a dlreotloxi perpendloular to a eusrfaoe of the first thin 
film piesoelectric element. Step b) incluaea fozming tiie 
eacoad thin film pleaoeleotrio element in euoh a manner that 
5 a polarization direction of tne seconii thin film 
pieaoeleotria element subatantlally corresponda to a 
direction perpendici^iar to a surface of the second thin film 
piezoelectric element. 

10 According to still another aspect of the present 

invention, a thin film piezoelectric device includes 5 a 
f irat metal electrode film; a first thin film piezoelectric 
element provided on the first metal electrode film; a second 
metal electrode film provided on the first thin film 

15 piezoelectric element: a third metal electrode film; a 
second thin film piezoelectric element provided on Uhe third ' 
metal el ectrode film? a fourth metal electrode film provided 
on the second thin film piezoelectric element; and adhesive 
means for attaching the second metal electrode film to the 

20 fourth metal electrode fllia. 

In one eJiibodiment of this invention, the thin film 
piezoelectric device further includes voltage applying 
means for applying a voltage to the thin film piezoelectric 
25 device. The voltage applying means includes 8 a first 
terminal for applying a driving voltage to the first and 
third metal electrode films i and a second terminal for 
grounding the second and fourth metal electrode films. 

30 According to still another aspect of the present 

invention, a head support mechanism includes; a slider for 
carrying a head; and a holding portion for holding the slider. 
The holding portion includes: a first portion including a 
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first plazoeleckriG element; a second portion Including a 
second piezoelectric element; a third portion oonnccted to 
the first and second portions « the slider Delng provided 
on the third portion; and a fixing portion for fixing the 
S first and second portions. The first and second 
plesoeleotrlo elements Include the above -described thin 
film piezoelectric duvtce. 

Thus, the Invention deaarlbad herein malces possible 
10 the advantages of providing; (1) a head support niechanl»in 
for use m a disk apparatus, which enables a head to move 
by a small displacement with great precision for the purposes 
of tracking correction and the like for a magnetic disk and 
the like; (2) a head support mechanism for use In a dleX 
15 apparatus, which enables a head to move by a small 
displacement with great precision by control of a voltage; 
and (3) a thin film piezoelectric actuator preferably used 
for such head support mechanisms. 

20 These and other advanLacies of Lhe proscat Invention 

will become apparent to those skilled in the art upon reading 
and understanding Lhe following detailed description with 
reference to the accompanying figvires. 

25 BRIEF DESCRIPTION OF THS DRAWINGS 

Figure 1 Is a perspective view illuetratlng a head 
support mechanism according to Example 1 of the present 
Invention. 

30 

Figure 2 is an exploded, perspective view 
Illustrating the head support mechanism of Example 1. 
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Figurs 3 Is a perspective view Illustrating a slider 
£or use in the head support raedhanism of Bzample 1. 

Figure 4 is a bottom view of a major port of a thin 
S fllzn piezoelectric element substrate for use in the head- 
support mechanism of Example 1. 

Figure 5 is a top view illustrating a major port of 
the thin film piezoelectric element substrate of Example 1. 

10 

gure 6 is a cross -sectional view of Figure 2 taken 
along line X-X. 

Figure 7 is a cross-sectional view of Flguxe 4 token 
15 along line Y-Y- 

Figure 8 l9 a side view of a major part of the head 
support mec3hanism of Example Ir used for explaining 
operation thereof^ 

20 

Figure 9 ie a side view of a major part of the head 
support mechanism of Example 1, used for explaining 
operation thereof. 

25 Figure 10 is a top view of a major part of the head 

support meohanisn of Example 1. used for SKPlalning 
operation thereof. 

Figure 11 is a perspective view illustrating a head 
30 support mechanism according to Example 2 of the present 
invention • 



Figure 12 Is on exploded, perspective view 
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illustrating the heisid support mechanlsin uf Bxaniple 2, 

Figure 13 Is a perspective view Illustrating a 
slider for use in the head support mechanisni of Example 2. 

5 

Figure 14 is a top view illustrating a major part 
of a thin film piazoelectrlc element substrare for use In 
the head support meobaniam of Example 2« and the vicinity 
thereof. 

10 

Figure is la a bottom view illustrating a major part 
of the thin film pieaoelectrio element substrate of 
Example 2, and the vicinity thereof. 

15 Figure 16 is a cross-sectional view of Figure 12 

taken along line X-X. 

Figure 17 Is a cross -sectional view of Figure 15 
talcen along line Yl-Yl. 

20 

Figure 18 is a side view of a major part of the head 
support mechanism of Example 2, used for explaining 
operation thereof. 

25 Figure 19 is e side view of a major part of the bead 

support mechanism of Example 2, used for explaining 
operation thereof. 

Figure 20 is a top view of a major part of the head 
30 support mechanism of Example 2. used for explaining 
operation thereof. 

Figtires 21A and 21B are schematic diagrams used for 



23:5: 



P24738 

- 14 - 

explaining operation tne neafl support meclianism of 
Example 1. 

Figuroa 22A and 22B are dchematic diagrams used for 
5 explaining operation the head support mechanism^ of 
Bxoinple 2. 

Figures 23A througli 23C ore perspective yiews 
illuatrating vibration modes of a load beam/of Example 2. 

10 

Figures 2^ and 24B are graphs showing response 
characteristics or the head eupporL xuechonism of 
Figures 21JI and 21B. 

15 Figures 25A and 25B are graphs showing response 

characteristics of the head support nechanlsni of 
Figures 22A and 22B. 

Figures 2ih and 2<B are schematic diagrams used for 
20 explaining the operation of the head support mechanism as 
a variation of Example 2. 

Figures 27A and 27B arc graphs showing response 
characteristics of the bead support mechanism of 
25 Figures 2SA and 26B. 

Figure 28 is a perspective view illustrating a hoad 
support mechanism according to. Example 3 of the present 
invention. 

30 

Figure 29 is an exploded, perspective view 
illustrating the head support roeehanlam of Example 3. 
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Figure 30 is a perspective vleur Illustrating a 
slider for use in the head support mecshanism of Exanqple 3 • 

Figure 31 is a diagram illustrating a struotore of 
9 a flexure for use m the head support mechanism of Example 3 . 

Figure 32 is a top view illustrating a tmn film 
piesoplootria element of Exomple 3* 

10 Figure 33 is a cross -sectional view of Figure 32 

taken along line xi-xi. 

Figure 34 is a top view illustrating the flexure for 
use in the head support meohaniam of Example 3. 

15 

Figure 35 ie a cross -sectional view of Figure 34 
taken along line X2-X2. 

Figure 36~is a bottom view illustrating the flexure 
20 for use in the head support mechanism of Example 3. 

Figure 37 is a oroas-Bectiooal view of Figure 34 
taken along line Y2-y2 where the thin film piszoeleetrio 
element is attached to the flexure. 

25 . 

Figures 38A through 38C ore diagrams showing a 
procedure for forming the thin film piezoelectric element 
of Bxample 3 and electrodes thereof on a mono-crystal 
Bubstrate , 

30 

Figures 39A through 39G arc diagrams showing a 
procedure for forming the thin film piezoelectric element 
of Bxample 3 having a tifo-layer structure on a mono-crystal 
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eubstrate. 

Figure 40 Is a flowchart showing a mathod for 
producing tho thin film piezoelaotrio olamont of Example 3 » 

3 

Figure 41 ie a oroae-aectional view illustrating an 
electrode conneation portion of the thin film piezoeleatric 
element of Example 3. 

10 Figiire 42 is a side view of the head support 

mechanism o£ Example 3« 

Figures 43A through 43C are diagrams including a 
oroaa-sectional view of the thin film piesoelectric device 
15 and graphs of applied voltage, used tor axpialntng operation 
of the head support mechanism of Example 3. 

Figtires 44A and 44B are top views illustrating a 
sQhamatiG structure of the head support mechanism of 
20 example 3, used for escplaining operation thereof. 

Figure 45 is a top view illustrating an exeunple of 
a conventional head support mechanism. 

25 DESCRIPTION OF TBR PREFERRED EMBODIMENTS 

Bereinafter. the present invention will he 
described by way of illustrative examples with reference 
to the accompanying drawings. 

30 

(Example 1) 

Figure 1 is a perspective view illustrating a head 
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support mechanism 100 for use in a disk apparatus acccrdlnq 
to Example 1 of the present invention i viewed from a diok 
Bide. Figure 2 Is an exploded* perspective view 
illustrating the head support mechanism 100. 

5 

Referring to Figures 1 and Z, the head aupport 
mecnanism lOO has a load beam 4, on a tip portion ot wnmn 
a slider 2 having an attached head 1 is supported. The load 
beam 4 Inoiuaes a base portion 4A wblcn is /fixed by beam 

10 welding to a base plate 5 attached to a head actuator arm. 
The base portion 4A and the base plate S aaoh have a fllmllar 
square shape, load beam 4 includes a neck portion 4B 

tapering from the base portion Ah, and a beam portion 4C 
extending straight from the neck portion 4B. An opening 

15 portion 4D is provided in the middle of the neok portion 4B. 
In the neck portion 4B| portions on the opposite sides oC 
the opening portion 4D each function as a plate spring 
portion 4B. 

20 A slider holding plate 3 is provided on the tip 

portion of the beam portion 4C of the load beam 4 in such 
a manner as to rotate. 

The slider holding plate 3 is provided with a 
25 projection portion 3A which projects toward the base 
portion 4A of the load beam 4. In the tip portion of the 
beam portion 4C, a dimple 46 is provided which contacts and 
presses the prelection portion 3A. The slider holding 
plate 3 is placed on the tip portion of the beam portion 4C 
30 and is engaged with each regulation portion 4F in such a 
manner that the projection portion 3A is pressed and held 
by the dimple 4G. Therefore, the slider holding plate 3A 
can be rotated on the dimple 40 in all directiona. 
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The rogulatlon portion 4F la provided on each side 
edge of the tip portion of the beam portion 4C. The 
regulation portlone 47 are engaged with the respective side 
9 edges of the slider holding plate 3 so that rotation of the 
slider holding plate 3 oan be regulated. Baoh regulation 
portion 4P extends straight from tne tip portion of the beam 
portion 4C toward the base portion 4A. The side edges of 
the Slider holding plate 3 are engaged wittt/and regulated 
10 by the reapeotive regulation portions 4F. 

A thin film pietsoeleotrlc drive conductor pottern 7 
and a thin film plazoeleotric substrate 6 are provided on 
the beam portion 40 of the load beam 4. The thin film 

15 plezoeleatrlc flubetrate 8 is made of a conductive and rigid 
material, such aa stainless eteel or copper. One end 
portion of the thin film piazoeleotria drive conductor 
pattern 7 is a thin film piezoeleotrlo terminal holding 
portion 7A which is positioned around the middle of the beam 

20 portion 4G. The thin film piezoelectric terminal holding 
portion 7A is partially overlapped with a part of thin film 
piezoelectric substrate 8 . One end portion of the thin film 
piezoelectric substrate 8 is a slider attachment portion 8A 
which Is provided on the slider holding plate 3. Further, 

25 the slider 2 carrying the head 1 is provided on the slider 
attachment portion 8A. 

The slider 2 is in the form of a rectangular 
parallelepiped as shown In Figure 3 . The head 1 including 
30 an.HR (Kagneto-Reslstlve) element is provided at the middle 
of an upper portion of a side 61 at the beam portion 4C tip 
portion side of the slider 2. The slider 2 is placed In such 
a manner that th head 1 is orient d toward a tangential 
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line of a magnetic head. Further, four tenaixials 2A through 
2D are disposed in a tranaverse direction in a lower portion 
of the side SI of the slider 2. Further, an air hearing 
surface 2S is provided on an upper aide of the slider 2. 
An air flow generated by a rotating magnetic disk is passed 
in a pitch direction of the slider 2 (a tangential direction 
of a magnetic disk) so tnac an air lubriaarmg ifiLm is 
generated between the air bearing surface 2B and a magnetic 
disk. 

As shown In FlgnrAs 2 and 3, a nftnter position Ml 
of the air bearing surface 2B substantially corresponds to 
the projection portion 3A of the slider holding plat© 3 
supported on the dimple 40, The slider 2 is supported on 
the slider attachment portion BA in such a manner that the 
side 81 of the slider 2 faces the tip portion of the beam 
portion 4C of the load beam 4. 

The slider holding plate 3 is held by the dimple 4G 
provided in the tip portion or the load beam 4 In such a 
manner that the slider holding plate 3 can be rotated on 
the projection portion 3 A by a small displacement: in all 
directions. Therefore, the slider 2 having its center 
position Kl on the projection portion aA can be rotated on 
the projection portion 3A by a small displacement in all 
directions • 

AS Shown in Figures 1 and 2« the other end portion 
of the thin film picssoclootric drive conductor pattern 7 
is an external connection terminal holding portion 7B which 
is provided on an edge portion of the base portion 4A of 
the load beam 4. Three terminal portions ISA, 15B, and 15C 
are provided on the thin film piezoelectric terminal holding 
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portion 7A, and connected to respective external connection 
terminal portions 1€A, 168, and 16C vhloh arc provided on 
the external connection terminal noiaing portion 7B. 

5 A terminal noldlng portion SB la provided on an adgA 

portion opposed to the edge of the thin film piezoeleotric 
substrate B on whicn the slider attacnment portion 8A 1b 
provided. The terminal holding portion OS is positioned at 
an edge of the haae portion 4A of t.h« load heam 4, and at 
10 the neck portion 4b side with respect to the extexxial 
connection tarmLnal holding portion 7B, 

Figures 4 and 5 are a bottom view and a top view, 
respectively. illustrating the wilder attachment 
15 portion 8A and the vicinity thereof, of the thin film 
plesoelectrlc substrate 8. 

As ahovra in Figures 1 and 4, a pair of first and 
Bdoond conductor substrata portions 8D and SB contiguous 
20 to the slider attacliaieut portlun eA ar(d pruvided un the thin 
film piezcolootrie subetrate 8. The conductor substrate 
portions 8D and SS extend straight from the slider 
attachment portion 8A and are disposed a distance from each 
other and In parallel. 

25 

Elastic hinge portions SF and SG aaoh having a 
narrow width are provided between the slider attachment 
portion BA and conductor substrate portions bd and as of 
the thin film piezoelectric aubatrato 8 , respeotively . The 
30 elastic hinge portions sf and bg are elastloally bent In 
the same plane as the slider attachment portion 8A. 



The thin film piezoelectric substrate S and the thin 
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film piezoelectric drive conductor pattern 7 may be 
integrated together. 

Figure 6 is a crose- sectional view of the thin film 
9 plezoelecTxic substrate B taXen along line z-x snown m 
Figure 2. Figure 7 is a cross -sectional view of the thin 
film piezoelectric substrata a talcen along line y-y shown 
in Figure 4. 

10 As shown in Figures 5 and 6, the first and second 

conductor substrata portlonfl BD and 8E are covered with a 
flexible material 6 made of a polymer such as polyimide. 
On upper surfanaa of the conductor substrate portions BD 
and 8Br a pair of conductor patterns 12A and 12S and a pair 

15 of flonfluctor patterns 12C and 12D are provided, extending 
along the conductor substrate portions BD and BB, 
respectively. The conductor patterns 12A and 12B are 
attached by the flexible KiaLerial 6 Lo Lhe conductor 
substrate portion" 8D. The conductor patterns 12C and 12D 

20 are attached to the conductor substrate portion BB by the 
flexible material 

As shown in Figures 2 and 5 , one end of the conductor 
patterns 12A« 12B, 12C and 12D ore terminals which ore 

25 provided on the slider attachment portion 8A. Further, the 
conductor patterns 12A, 12B, 12C and 12D are laid on a 
conductor portion 8C of the thin film piezoelectric 
substrate 8. The ouier ends of the conductor patterns 12A. 
12B« 12C and 12D are termlnale which are provided on tho 

30 terminal holding portion 8B. Bach conductor pattern 12A 
through 12D is covered with the flexible material 6. 

As shown in Figure 5, on an end portion {hatched 
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portion In Figure S] opposed to klie Hlldar attadanent 
portion 8A of the conductor substrate portions 8D and 8S, 
a fixing member (not sbownl la provided which contaocs and 
fixes the thin film piezoelectric drive conduotor 
s patterns ISA. 15B and ISC (figure 2) with terminals 13A, 
13B and 13C (Figure 4). 

Aa shown In Figure 6, first and second thin film 
piezoelectric elements llA and llH are provided under the 

10 first and second conductor substrate portions 6D and BE, 
respectively. An upper Ride alaatroda 9A and a lower side 
electrode 9D made of platinum are provided on an upper side 
and a lower side of the first thin film piesoelectric 
element llA, respectively. Similarly, an upper side 

15 electrode 9A and a lower side eleotrode 9B made of platinum 
are provided on an upper side and a lower aide of the second 
thin film plesoelectrlc element IIB. respectively. 

As shown in Flgtire 7. a short member 14 for shorting 
20 the conductor substrate portions 8D and 8E Is provided on 
an end portion distal to the slider attachment portion 8A 
of each of the upper side electrodes 9 A provided on the upper 
sides of the first and second thin film piezoelectric 
elements llA and llB. 

25 

As Shown In Figures 4 and 7 , end portions proximal 
to the slider attachment portion 8A of the lower side 
electrodes 9B provided on the lower sides of tne first and 
second thin film pleaooleotrlo elements llA and IIB are not 
30 covered with the flexible material 6 and are connected to 
terminals 13A and 13B, respectively. Therefore, the 
terminals 13A and 13B are exposed from the flexible 
material 6. Purth r, the terminal 13C is connected to a 
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lower surface of a middle portion in a wldtb direction of 
a portion olosa to tho oonduotor subotrato portions 8D and 
BB of the aonductor portion 8C. TUB terminal 13C is also 
exposed £rom the flcxiblo material 6. 

5 

The terminal 13C connected to the conductive 
conductor pom on 8C and tne upper electrodes 9A provided 
on the respeotlve thin film piezoelectric elements llA and 
IIB are shorted by the short memher 14. , 

10 

Thfl terminals 13A through 13C (Figure 4) provided 
on the lower side of the conductor substrate portions 6D 
and 8B are connected to the respeotlve terminals ISA through 
15G (Figure 2} on the thin film piezoelectric terminal 
15 holding portion 7A of the thin film piexoelectric drive 
conductor pattern 7 which Is positioned around Lhe middle 
of the beam portion 4C» 

As shown in Figure 2, the slider 2 is disposed on 
20 the slider attautiment portluii 8A of the thin film 
piezoelectric substrate 8 which is provided on the slider 
holding pldLe 3. The slider 2 is connected via the four 
terminal portions provided on the slider attachment 
portion e to the conductor patterns 12A, 12B, 12C and 12D, 
25 respectively. 

Operation of the head support meohanism 100 having 
8uch a structure will be described with reference to 
Figuree 8 through 10. The terminal portion 13C (Figure 4) 
30 provided at a linkage portion of the conductor substrate 
portions 8D and 8E of the thin film piezoelectric 
substrate 8 is set to the ground level via tha thin film 
piesoelectric drive conductor pattern 7 (Figure 2)« As 
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sbown In Flsfure 7r since tbe terminal 13C shorts the upper 
Bide electrodes 9A provided on the upper sides of the first 
and second thin film piezoelectric elements llA and iiB. 
the upper side electrodes 9A arc set to the ground level. 
5 A voltage is applied to one terminal laA (Figure I) of 
tho first conductor substrate portion SD of tho thin film 
piezoelectric! suftstrate 8, and a voltage of zero is applied 
to the terminal 13B (Figure 4) of the second conductor 
substrate portion 8S. 

10 

In this way, the voltage between the upper 
electrode 9K and the lower electrode 9B of the first thin 
film piezoelectric element llA provided on the first 
conductor substrate portion 8D Is applied to the first thin 
15 film piezoelectric element llA. Meanwhile, a voltage is 
not applied between Lhe upper elecLrode 9A and Lhe lower 
electrode 9B of the second thin film piesoelectric 
element IIB provided on the second conductor substrate 
portion SS. 

20 

As a result, the first thin film piezoelectric 
element llA extends in its longitudinal direction 
(indicated by arrow Al in Figure 8). In this case, since 
the conductor substrate portion 80 stacked on the first thin 

25 film piezoelectric element llA is made of stainless steel, 
copper t or the lllce, tne conductor substrate portion 80 is 
considerably rigid in the extension direction (indicated by 
arrow Al m Figure s}. The first thin film piezoelectric 
element llA and the conductor substrate portion SD are bent 

30 toward a magnetic disx cue to a bimorph effects as shown 
in Figure 8. In contrast, since a voltage is not applied 
to the second thin film plezoeleetrin element IIB, the 
second conductor substrate portion SB la not substantially 
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bent. 

Figure lo is a top view Illustrating states ot tbe 
conductor substrate portions 8D and BS of the thin £ilm 
5 piezoelectric substrate B. 

The first thin film piezoelectric element llA and 
the conductor subetrato portion 80 which are bent are 
shorter by a small di aplflcetnent 61 than the second thin film 

10 piezoelectric element IIB and the conductor subeLraLe 
portion as which are not bent. As a result, the slider 
holding plate 3 la rotated by a small amount in a direction 
indicated by arrow A2 in Figure 10. Therefore, the 
slider 2 provided on the slider holding plate 3 is rotated 

15 on the dimple 46 (Figure 2} by a small amount in the same 
direction. 

Ill contrast, when the voltage Is applied to one 
terminal 13B of the second conductor substrate portion 85 

20 of the thin film piezuelectriu »ubytrale 6 and the 
voltage zero is applied to the terminal 13E of the first 
conductor substrate portion 8D, the second thin film 
plftzoeleGtzlc element llB and the conductor substrate 
portion SB are bent and the second thin film piezoelectric 

25 element llB and the conductor substrate portion SS are not 
bent. Therefore, the slider 3 is rotated on the dimple 46 
by a small amount in a direction opposite to the direction 
indicated by arrow A2 m Figure lo. The slider 2 provided 
on the slider holding plate 3 is also rotated by a small 

30 amount in the same direction. 

Therefore, the head 1 provided on the slider 2 la 
moved along a width direction ol each track provided in the 
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form of a conceatrlc circle on a magueLlc iLLak. Therel^Y, 
an on- track eharaoterlstlo can be improved. The on- track 
characteristic means an ability of the head 1 to follow a 
track, 

5 

In this case, a load on the elastic hinge portions BF 
and 6G upon rotation of the alidar attachment portion ba 
is reduced so that the slider attachment portion OA can be 
reliably rotated, since the conductor patterns IZA, 12B, 
10 12C and 12D each have a ailnimum width. 

h load (20 to 30 nN} is ^plied to the slider 2 via 
the plate spring 4E (Figure 2J of the load beam 4. When the 
slider holding plate 9 is rotated, such a load is applied 

15 between the dimple 46 (Figure 2) and the slider holding 
plate 3. Therefore, a frictional force determined by a 
f riotlona! coefficient between the slider holding plate 3 
and the dimple AG is applied to the slider holding plate 3 • 
Thereby, the frictional force prevents the slider holding 

20 plate 3 from being deviated Irom the dimple 4G, although 
the projection portion 3A of the slider holding plate 3 can 
be freely rotated on the dimple 4G. 

The Bome voltage is applied to the first and second 
25 thin film piezoelectric elements llA and IIB so as to operate 
in the same manner. Alternatively, when the first and 
second thin film pleaoelectrlc elements llA and IIB axe bent 
in the absence of applied voltage, voltages having opposite 
phases may be applied to the respective first and second 
30 thin film piezoelectric elements llA and iiB to drive the 
first thin film piezoelectric element HA and the conductor 
substrate portion SD. and the second tnin flun 
pieaoeleotric element IIB and the conductor substrate 
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portion as. 

Furtner* in the example shown In Figure B« a voltage 
la applied to the £lrat thin film piezoelectric element llA 
5 80 that the first thin film piazoelectxic elamant llA Is 
bent to become a convex shape. Alternatively, a voltage may 
be appliea to the first thin film piezoelectric element llA 
8o that the first thin film piezoelectric elemeat llA la 
bent to baaome a concave shape « 

10 

In Example 1, when the head 1 is moved In a radial 
direction of a disk, the displacement magnitude or the head 1 
was about 1 \m where the thin film piezoelectric substrate 8 
was about 3 |iin thick « the first and second Lbln film 
15 piezoelectric elements llA and llB each were about 2 |jm 
thick, the lengLh of first and second thin film piezoelectric 
elements lliL and IIB each were about 2 mm. and a voltage 
of 3 V was applied between the upper and lower electrodes 9k 
and 9B. 

20 

Since the slider holding plate 3 Is supported on the 
dimple .46 In such a manner that the slider holding plate 3 
can be rotated in all directions, the frlctlonal loss of 
the slider holding plate 3 upon rotation can be 

25 significantly reduced. Therefore « a small magnitude of 
driving force can lead to a great amount of displacement 
of the head I. Further, the slider 2 Is supported in such 
a manner that tne slider 2 can be rotated on the center 
position Mi of the air bearing surface 2B. Therefore, the 

30 position ot the head 1 on the slider 2 is unlikely to be 
disturbed by a frlctlonal force due to the viscosity of air. 



In Example 1, the beam structure composed of the 
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conductor BUbstraies BD ana BE and tne tnin film 
plesoeleotrlo clomenta llA and IIB la considerably rigid 
In the direction Al s&own in Figure 8. Tnerefore. the 
vibrational resonance point of the head support 
5 mecnaniam lOO can be etructurally sat to a high value - 
Thereby f the head support mechaniscn 100 can operate with 
an excellent response characteristic when the thin £ll2n 
piezoelectric elements are driven at high frequency. 

10 (Example 2) 

Example 2 of the present Invention will be described 

below. 

Figure 11 Is a perspective view lllusLratlng a head 
15 support mechanism 200 for use In a dlslc apparatus according 
to Example 2 of the present invention, viewed from a disk 
Bide. Figure 12 is an exploded, perspective view 
illustrating the head support mechanism 200. components 
similar to the corresponding components described in 
20 Example 1 are dsBlgnated by the same rererence numerals as 
used in Example 1. The description of such components is 
therefore omitted. 

The head support mechanism 20Q of Example 2 
2S Includes 8 a slider 2 carrying a head Ij a slider holding 
plate 103 ncioing the slider 2: a load beam 4 supporting 
the slider 2 and the slider holding plate 103 in such a 
manner that the slider 2 and the slider holding plate 103 
oan rotate; a thin film piezoelectric plate 8 for rotating 
30 the slider 2; a first conductor pattern 12 provided so aa 
to extend from an end of the thin film piezsoelectric plate B ; 
and a second conductor pattern 7 provided along the first 
conductor pattern 12. 
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load beam 4 inoludesi a Bquare-shaped baae 
portion 4A; a necx portloa 4B; and a tapering beam 
portion 4C extending from the nedk portion 4B. 

5 

A square- shaped base plate 5 is attached by beam 
welding to a borrom side of trte bane ponion 4A ot the load 
beam 4 . The base plate 5 is also attached to a head actuator 
( not shovn ) m such a manner that the base plate 5 can rotate . 

10 The load beam 4 is rotated on the base portion 4A in such 
a manner that the tip of the beam portion 4C te moved 
substantially in a radial direction of a magnetic disk (not 
shown) . That is. the load beam 4 is driven to rotate so. that 
the head 1 Is moved substantially in a. radial direction of 

15 a magnetic disk. 

An openlhg portion 4D is provided in a middle of the 
neck: portion 4B of the load beam 4. In the xmck purtloii 4B, 
portions on the opposite sides of the opening portion 4D 

20 each function aa a plate spring portion 4E. The beam 
portion 4C is elastically displaced in a direction 
perpendicular Lo a surface of a magnetic dlek by the plate 
spring portions 42. The elastic displacement of the beam 
portion 40 causes a load to be applied on the slider 2 

25 provided on the tip portion of the beam portion 4. 

A hemisphere-shaped dimple 4G projecting upward is 
integrated into the tip portion of the beam portion 4C. 
Further, a pair of regulation portions 4P extending 
30 straight from the tip portion of the beam portion 4C toward 
the base portion 4A are provided on the tip portion of the 
beam portion 4C. There ia an appropriate gap between each 
regulation portion 4P and the upper surface of the bean 
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portion 4G. 

The slider nolOlng plate 103 Is provided on the tip 
portion o£ the beam portion 4C. The fillder 2 1b provided 
9 on the slider Holding plate 103 via the tip portion of the 
thin film ploaoelcctrlo substrate 8. As shown In Figure 12, 
a substrate junction portion 103B, wnich is joined to a lower 
side of the tip portion of the thin film piezoelectric 
substrate 8 , is provided at a tip portion qt tne slider 

10 holding plate 103. The slide holding plate 3 includes a 
pair Of balance weight portions 103C extending toward the 
base portion 4k, A semicircle- shaped projection 
portion 103A slightly pro jflnt Ing toward the base port 1 on 4A 
is provided in a middle of the slider holding plate 103 and 

IS bftrween the pair of balance weight portions 103C, 

The slider hording platft 103 is supportad on tha 
dimple 4G provided on the tip portion of the beam portion 4G 
of the load bean -4 where a lower side of the projection 

20 portion 103A contacts a point of the dimple 40 . The balance 
weight portions 103C are provided at a small gap from the 
regulation portions 4F provided on the tip portion of the 
beam portion 4C. Therefore, the slider holding plate 103 
con be rotated in all direcblons so as to be displaced by 

25 a small angle along with the slider 2 provided on the slider 
holding plate 103. The center of gravity of the rutaLable 
slider holding plate 103 carrying the slider 2 
substantially corresponds to the center point of the 
rotation I i.e.j the dimple 4G. 

30 

Figure 13 is o perapective view illustrating a 
slider 2. The head l inciuaing an MR element la provided 
in a middle of an upper edge portion on a tip side of the 
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Slider 2. Four tezmlnals 2A tbrougb 2D ore arranged iu a 
transverse dlreotlon In a lower edge portion o£ the tip aide 
of tbe slider 2. An upper aids of the slider 2 faces a 
surface of a magnetic disk. Further « an air bearing 
S surface 2E is provided on the upper side of tne slider 2. 
ka air flow generated by a rotating magnetic disk is passed 
In a tangential direction of the magnetic disk ao that an 
air lubricating film is generated between the air bearing 
surface 2E and the magnetic disk. 

10 

A center position Ml of the air hearing surface 2B 
substantially corresponds to the dimple 4G on which the 
slider holding plate 3 la rotated and which substantially 
corresponds to the center of gravity of the slider holding 

15 plate 3 . The el 1 der 2 is supported on the s llder attachment 
portion OA in such a manner that the aide 81 of the slider 2 
faces the tip portion of the beam portion 4C of the load 
beam 4. The slider 2 can be rotated on the center 
position Ml of the air bearing surface 2E by a small amount 

20 in all of the following directions • o pitch direction which 
Is a direction of rotation around an aacis in a longitudinal 
direction of the beam portion 4C through the head 1; a roll 
direction which* is a direction of rotation around an axis 
along the air bearing surface 2E perpendicular to a 

25 1 ongltudlnal axis of the beam portion 4Cs and a yaw direction 
which is a dlreu blon of rotation around on axis perpendicular 
to both the center axis of the pitch direction and the center 
axis of the roll direction. When the slider 2 is rotated 
by a small displacement angle in the yaw direction, the 

30 head 1 Is moved by a small displacement substantially in 
a radial dirootion of a magnetic disk. 



Note that the head 1 Is disposed so as to £oce a 
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Burface of & magnatlc ai5k« and more speolf lcally« to face 
in a tansentlal direction of the magnetlo dlok. 

Figures 14 and 15 are top and bottom vleva 
5 Illustrating the tnin film piazoelBctric subatrata 6 
provided on the load beam 4 and the vicinity thereof. 
Figure 16 is a nross-sectional view taken along line X-X 
shown In Figure 12. Figure 17 la a croes- sectional view 
taJcen along Una Yl-Yl shown in Plgura 15. 

10 

As shown in Figure 12. the thin film piezoelectrio 
substrate a la In the ahape of a rectangle extending from 
the tip portion of the load beam 4 toward the baa© portion 4A 
of the load beam 4. The thin film piezoelectric substrate 8 
15 is provided along a surface of a magnetic dlsJc, The thin 
film piezoelectric substrate 8 may be made of a flexible, 
th1n stainless steel plate or the like. 

As Bhown ln Flgurss 14 and 15, the slider 2 is 
20 attached to the upper &ld& of Ihe Lip porllcn of the Lhlu 
film piezoelectric substrate 8, while a slider support 
portion 0A Is provided on the lower aide of the tip portion 
of the thin film piezoelectric substrate 8. The slider 
support portion 8A is joined to the substrate junction 
25 portion SB of the slider holding plate 103. Substantially 
half of the tip portion aide of the slider 2 Is provided 
and attached to the slider support portion 8A. 

A pair of transformation operation portions 8D and 
30 SK. Which are transformed in a direction perpendicular to 
a surface of a magnetic disk with different phases, are 
provided at an and at tha base portion 4A side of the slider 
support portion 8A, via elastic hinge portions 8P and 80. 
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Thus , tba traaaf ormation operation portions BD and SB are 
Integrated with the slider support portion 8A. h fixed 
portion 8C Is provided on tlie upper side of the beam 
portion 4C of the load beam 4. 

5 

The pair of tronaformatlon operation portions fiD 
and as are disposed in para Liei anfi spaced at a predetermined 
gap by providing o slit in on intermediate portion In a uridth 
direction of the thin film piezoelectric subatratft 8. The 

10 pair o£ elastic hinge portions OP and 8G are rormed by 
reducing the width of tip porti.onis of the transformation 
operation portions 6D and 8E. The slider support 
portion SA can be rotated in the directions other than the 
yaw direction due to the elastic binge portions 8F and 86. 

15 Therefore, the slider 2 which is provided on the upper side 
of the slider support portion 8A and the slider holding 
plate 103 provided on the lower side of the slider support 
portion 8A Is not rotated in the yaw direction. 

20 First and second thin film piezoelectric 

elements llA and llB are provided on the lower side of the 
thin film piezoelecLrlc substrate 8. The first and second 
thin film piezoelectric elements llA and llB are provided 
on the lowisr side of the pair of transformation operation 

25 portions 8D and 8E and on the lower side of the fixed 
portion BC« resulting in a multi- layer structure. The thin 
film piesoelectrlc elements llA and IIB and the 
transformation operation portions 8D and 8E are covered 
with a flexible material 6 and integrated with the thin film 

30 piezoelectric substrate 8. The thin film piezoelectric 
oloroenta llA and llB each expand in a longitudinal direction 
thereof in the presence of applied voltage between the upper 
and lower sides thereof, depending on the value of the 
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voltage. The expdiialuci of the tiilii filui piezoelectric 
elements llA and IIB caueee the transformation operation 
portions BD ana 8E to be bent In a tblckness' direction 
thereof. As a result » the thin film plesoeleotrlo 
s substrate B is displaced in a direction perpendicular to 
a surface of a magnetic disk. 



An upper aide electrode 9A and a lower side 
electrode 9B made of platinum are provided on tne upper side 
10 and the lower side of the first thin filro piesoeleotric 
element llA. reapeatively. Similarly, an upper side 
electrode 9A and a lower side electrode 9B made of platinum 
are provided on the upper side and the lower side of the 
second thin film piezoelectric element llB, respectively • 

15 

As Shown in Figures 15 and 17, three terminal 
portions 13A, 13B, and 13C are provided on the lower side 
of the fixed portion 8C of Lhe thin film pleaoeleuLrlo 
substrate 6 in suoh a manner that the three terminal 

20 portions 13A« 13B, and 13C ore exposed from the Ilexible 
material 6. The pair of the terminal portions 13A and 13B 
are attached to end portions (at the base portion 4A side) 
of the respective lower side electrodes 9B* The terminal 
portion ISC Is connected to a short member 14 which 

25 electrically shorts the end portions of the upper side 
electrodes 9A. 

As shown in Figure 14. a first conductor pattern 12 
composed of four conductor lines 12A through 12D is provided 
30 on the upper aloe of the thin film piezoelectric substrate B 
so as to transfer a recording end reproducing signal to and 
from the head l. one end of the four conductor lines 12A 
through 12D ar connected to respective terminals 2A 
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through 2D of the slider 2 provided on the upper side of 
the ellder support portion 8A of the thin film pleaoeleotrlo 
substrate 8. 

5 A pair of the conductor lines 12A and 12B of thSi 

f Iret conductor pattern 12 are drawn to the base portion 4A 
side via the transformation operation portion BD and the 
fixed portion ec of the thin film piezoelectric substrate 8 • 
The other pair of the conductor lines 12C and 12D of the 
10 first conductor pattern 12 are drawn to the baee portion 4A 
aide via the t ran a format ion operation portion 8E and the 
fixed portion ac of the thin film piezoelectric 
substratA B. 

15 The four conductor lines 12A through 12D drawn to 

the base portion 4A side of the thin film piezoelectric 
Ruhstrate 8 pass through a conductor portion 12E of the 
first conductor pa L tern 12 and reach a terminal holding 
portion 12F. and are connected to respective externally 

20 connected terminals 12A' through 12D' on the terminal 
holding portion 12P (Figure 12). 

As shown in Figure 16, the four conductor lines 12A 
through L2D are fixed to the upper side of the thin film 
25 piezoelectric substrate 8 using the flexible material 6. 

Referring to Figure 12, a second conductor 
pattern 7 is used to drive the first and second thin film 
piezoelectric elemente llA and IIB provided on the lower 
30 Bide of the thin film piezoelectric substrate a . The second 
conductor pattern 7 includes three conductor lines. Ono 
end Of the conductor lines are connected to respective 
internally connected terminals ISA through 15C. The three 



internally coiUieuLod tezminals ISJk through ISC are 
connaotad to reapectlva terminal portiona 13A through 13C 
(Figure 15) provided on the lower side of tne fixed 
portion eC of the thin film piesoeleotrio aubstrate 8 « The 
S fixed portion 8C is fixed via a terminal holding portion 7A 
on the upper sido of the beam portion 4G of the load beom 4 
as shown in Figure 4. 

AS Shown in Figure 12 « the three conductor lines 
10 provided on the second conductor pattern 7 pass through a 
conductor portion 7C of the second eondnctor pattern 7 and 
reach the terminal holding portion 7B, and are connected 
to reapectlva externally connected terminals 16A, 16B, and 
16C on the terminal holding portion 7.B. 

15 

Aa shown in Figure XI, the terminal holding 
portion 12P of the first conductor pattern 12 and the 
terminal holding porLlou 7B of the second couducLor 
pattern 7 are attached to one edge portion of the base 
20 portion 4A of the load beam 4, being arranged side by side 
In the longitudinal direction of the load beam 4. 

Operation of the thus -constructed head support 
mechanism 200 will be deaoribed with reference to 
25 Figures IS through 27. 

Referring to Figures 12, 15 and 17, the upper 
electrodes 9A provided on the upper sides of the first and 
second thin film pieaoeleotrio elements llA and IIB are 
30 grounded via the short member 14. the terminal portion 13C, 
and the internally connected terminal 15C and the 
externally connected terminal 16C of the second conductor 
pattern 7» 
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Furthaar, a voltage V Is applied to the lower 
electroae 9B joined wltb the lower side of tbe first thin 
film piezoelectric element llA, via the externally 
5 connected terminal l«A and the internally connected 
terminal ISA o£ the ceoond oonduotor pattern 7. Further, 
a voltage zero la applied to the lower electrode 9B joined 
with the lower side of the second thin film plesoelectrlc 
element IIB. via the externally connected terminal 16B and 
10 the Internally connected terminal 15B of the second 
conductor pattern 7 and the terminal portion 13B. 

Therefore, the voltage V between the upper flirte 
eleotrode 9A and the lower side electrode 9B Is applied to 
15 the first thin I'll m piezoelectric element llA, Asaresult, 
the first thin film piezoelectric element llA expands In 
a longitudinal direction thereof (indicated by arrow Al in 
Figure IB). 

20 In this case, since the transformation operation 

portion 8D of the thin film piezoelaotrlc substrate 8 
provided on the first thin film piezoelectric element llA 
is made of stainless steel or the like, the rigidity in an 
expanding direction (indicated by arrow Al in Figure 18) 

25 of the transformation operation portion 8D Is Increased. 
Therefore, the transformation operation pur Lion 60 of the 
thin film piezoelectric substrate 8 provided on the first 
thin film piezoelectric element llA is bent due to a himorph 
effect in a direction away from a surface of a magnetic disk, 

30 i.e.,. m such a manner as to project toward the thin film 
plezoelectrlo elements llA and IIB side. 



In contrast « a voltage is not applied to the second 
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thin £llm piezpelectrlc elemeat IIB. Tberefore, aa shown 
in iPlgure 19, the second thin film piezoelectzio 
element IIB and the transf oinnatlon operation portion 8S of 
the thin film piasoelectric substrate 8 provided on the 
5 second thin film piezoelectric element IIB are not 
Bubetantially bent* 

Referring to Figure 20 « when the traneformation 
operation portion 8D la Dent « the length in the longitudinal 

10 direction of the transfoznatlon operation portion 8D| which 
is projected onto the same plane as the transformation 
operation portion SB which la not bent, la shorter by a small 
Qiapiacament 6l than the length of the transformation 
operation portion 0E which la not bent. Therefore, the 

15 slider support, portion OA of the thin film piezoelectric 
substrate 8 is rotated by a small amount in the yaw direction 
indicated by arrow A2 in Pigiire 20, while the slldar 2 and 
the slider holding plate 103 or© also rotated on the 
dimple AG (Figure 12) by a small amount in the same 

20 direction. 

In contrast J ^en a voltage zero is applied to the 
lower side electrode 9B provided on the lower side of the 
first thin film piezoelectric element llA and a voltage V 

25 Is applied to the lower sida electrode 9B provided on the 
lower side of Lhe second thin film piezoelectric element IIB , 
the transformation operation portion 8D of the thin film 
piezoelectxic substrate 8 provided on the first thin film 
piezoelectric element llA is not substantially bent, and 

30 the transformation operation portion 8E of the thin film 
pleaoelectrlo substrate B provided on the scoond thin film 
piesoelectric element IIB is bent. 
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Tberef ore, the slider support portion 8A of the thin 
£llm piezoeleotrlo substrate 8 is rotated by a small amount 
In the yaw direction opposite to tne direotlon indicated 
by arrow A2 in Figure 20. As a result, the slider 2 and the 
5 slider holding plate 103 are rotated on the dimple 4G 
(Figure 12) by a small emount In the same direction. 

As described above , voltages having opposite phases 
are applied to the reapeativa first and second th1n film 

10 piezoelectric elements llA and llB so that the head 1 
carried on thft slider 2 is moved with great precision by 
a small size of displacement corresponding to applied 
voltage, in a radial direction of a magnetic disk. I.e., 
a width direction of each track in the form of a concentric 

15 cirole on the magnetic disk. Therefore, an on-track 
operation for causing the head 1 to follow a track can be 
conducted with great precision. 

Note that the elastic hinge portions 8S and 8P 
20 conneatlng the slider support portion 8A and the 
transformation operation portions 8D and 8E of the thin film 
plesoelectrlo substrate B are designed Lo be minimum slses 
so that the conductor lines 12A and 12B. and 12C and 12D 
of the conductor pattern 12 ore provided on the respective 
25 elastic hinge portions 86 and SF. Therefore, a load 
reaulred for rotation of the slider support portion 8A Is 
reduced, whereby the slider support portion 8A can be 
reliably rotated by a small lead. 

30 Further, when a load C20 to 30 mN) Is applied to the 

slider 2 by the plate spring portions 4B and 4S of the load 
beam 4 (Figure 12) so that the alidar holding plate 103 is 
rotated, such a load is also applied between the dimple 4G 
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ana the slider holding plats 103. Therefore, motional 
force detozmined by a £riotlonal ooeff iolant between the 
ellder holding plate 103 and the dimple 4G Is applied to 
the ollder holding plate 103. Thereby, the f national 
5 force prevents the slider holding plate 103 trom oeing 
shifted from the dimple 4G, although the projection 
portion 103A of the aitder hoitling plate 103 can be rotated 
on the dimple 46. 

The same voltage la applied to the first and second 
fMn film plezoalflntr1.c elements llA and IIB so afl t.n operate 
in the some manner. Therefore^ the first and second thin 
film piezoelectric elements llA and IIB may be designed to 
be bent in the absence of applied voltage, atld voltages 
having opposite phases may be applied to the respeetlve first 
and second thin film plezoeleotric ©laments llA and IIB to 
drive the first thin film piezoelectric element llA and the 
transformation operation portion 6D, and the second Lhln 
film piezoelectric element IIB and the transformation 
operation portion 6E« 

In Example 2. a voltage Is applied to the thin film 
piezoelectria elements HA and IIB so that the thin film 
piezoelectric elements llA and llB are bent to become a 
25 oonvex shape. Alternatively, a voltage may be applied to 
the thin film piezoelectric elements HA and liB so that 
the thin film piezoelectric elements llA and llB are bent 
to become a concave shape. 

30 Note that the elastic hinge portions 8G and sr are 

each sufficiently flexible so that the slider 2 can be 
rotatea m the roll direction and the pitch direction. 
Th rofore, a floating characteristic of the slider 2 with 
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respect to a niagnatlc disk can be Improved by the air bearing 
due to the air beaurlng eurfaoe 2B. 

The dynamlo oharaotorlstioe of the hoad support 
5 mechanism of the present invention viii oe aaacribea below. 

Figures 21A and 21B and Figures 22A and 22B are 
schematic diagrams Illustrating two models of a head support 
mechanism. Figures 21A and aiB Illustrate a head support 

10 mechanism which , the center of gravity 6 of a snail 
rotation portion including the slider 2 and the slider 
holding plate 3 la positioned between the dimple 40 and the 
head 1. Figures 22A and 22B Illustrate the head support 
mechanism 200 of Example 2 In which the center of gravity G 

15 of a small rotation portion Including the slider 2 and the 
slider holding plate 103 substantially corresponds to the 
position of the dimple 46. 

When voltages having opposite phases are applied to 
20 the respective fire I and second thin film pie isoelectric 
elements llA and llB so that the transformation operation 
portion 8D Is cuukracted end the transformatloA uperatluu 
portion 8E is expanded, a tracldng characteristic of the 
head 1 with respect to a target track on a magnetic disk 
25 Is greatly affected by the position of the center of 
. gravity G. 

A description will be given of when the center of 
gravity G of the small rotation portion Including the 
30 slider 2 and the slider holding plate 3 Is positioned 
between the dimple 4G and the head 1 as shown In Figures 2iA 
and 21B. 
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As shown m Figure when the trahsfoxxnatlon 
operation portion SD and 8B are oontraoted and oacpanded^ 
respectively, forces 71 and F2 having opposite directions 
are generated in the clastio hinge portions 06 and 8P, 
5 respectively, in this case, the slider holding plate 3 can 
be freely displaced in the contraction and expemsion 
direcriona of transformation operation portion 8D and SB 
due to the dimple 40 provided on the load beam 4. On the 
other hand, the slider holding plate 3 is restrained in the 
10 bend direction o£ the transformation op^jraLluu portion 8D 
and BE due to frictional force. As a result, an angular 
moment Ma around the center of gravity 6 is generated by 
the forces Fl and F2, which acts on the slider 2 and the 
slider holding plate 3. 

15 

hs shown lu Figures 21A and 21B, assuming that the 
distance between the center of gravity G and the dimple 4G 
Is Sa Itt a longituOlnal direction of the beam portion 4C 
of the load beam A, a reaction force Ra(»Ka/Sa] is generated 
20 to act the dliTiple 4G. The force Ra leads to transformation 
of the beam portion 4C of the load beam 4. Figure 21B 
schematically shows such a situation. 

As shown in Figure 21B. even if the slider 2 is 
25 rotated in the counterclockwise direction « the 
transformation operation portions 8D and as are transformed 
by the reaction force Ra so that the head 1 is not moved 
over a predetermined amount, since the slider 2 and the 
slider holding plate 3 each have o mags, the slider 2 and 
30 the Slider holding plate 3 have a delayed response to the 
transformation of the transformation operation portions an 
and BE. 
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Figures 24A and 24B are graphs showing the tracking 
aharaotarlstlo o£ the head support meohanlsm of Figured 21A 
and 21B with respect to a target track of the neac. 
Figure a4A shows gain ohazaoterlatlasi and Figure 24B ahowe 
5 phase Characteristics. 

in Figures 24A and 24B^ reference numarala Jl 
through J5 each Indicate a resonance point when the thin 
film piazoalftrstric elements llA and IIB In the head support 

10 mechanism of Figures 21A and 21B are driven/ Jl ladlcaLes 
a resonance point in a twist first-order mode of the beam 
portion 4C of the load beam 4 shown in Figure 23A. J2 
indicates a resonance point In a twist second- order mode 
of the beam portion 4C of the load beam 4 shown In Figure 23B. 

15 J3 indicates a resonance point in a plane vibration mode 
(Sway) of the beam portion 4C of Lhe load beam 4 shown in 
Figure 23C- J4 and J5 each indicate a resonance point in 
a resonance mode of the transformation operation 
portions 8D and - SS of the thin film piezoeleotric 

20 aubstrdle 8. 

From the view point of the dynamic characteristics 
of the head support meohanlsm, the frequencies in those 
resonance modes are preferably Increased up to a sufficient 

25 fre<iuenoy region such that the frequencies do not affect 
the positioning of the head* Since the resonance points Jl 
through J3 are oharaoterietios which result from the 
structure of the load beam 4. there is necessarily a limit 
to the rosonanoe frequency* so that the reaonanoo frequency 

30 cannot be greatly increased. Therefore, it is necessary to 
reduce the phase delay of responses of the resonance 
points Jl through J3. 
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Figures 22A and 22B are diagrams lllustrdllug the 
hoad support mechanism 200 o£ Example 2 la which the 
position of the center of gravity 6 of the small rotation 
portion including the slider 2 and the slider holding 
5 plate 103 sutstantlally corresponds to the position of the 
dimple 4G, Ao shown in Figure 22A, since the pooltlon of 
the center 6 of gravity substantially corresponds to the 
position of the dimple 4G, a reaction force Rb due to an 
angular moment Mb is not generated • Therefore, as shown in 

10 Piguro 22Aj the displacement amounts of the trcmsf ormatlon 
operation portions BD and BE are converted to rotation in 
the yaw direction of the slider 2. The resultant response 
character la tics are shown in Figures 25A and 25B. 
Figure 2SA shows gain characteristics , and Figure 25B shows 

15 pnase characteristics. 

As shown In Fignreis 25A and 2SB, since the pofiltion 
of the center or gravity G or the small rotation portion 
including the slider 2 and the slider holding plate 103 
20 substantially corresponds to the position of the dimple 40, 
an amplitude characteristic and a phase eharacterlstio of 
resonance at a twist second-order mode resonance point J2 
can be improved and a parallel vibration resonance point J3 
is substantially not present. 

25 

As described above, in the head support 
mechanism 200 of the present invention « the position of the 
center of gravity G of the small. rotation portion Including 
the slider 2 and the slider holding plate 103 substantially 
30 corresponds to the position of the dimple 4G, Therefore, 
the head support mechanism 200 of tho present invention can 
achieve an excellent response characteristic when the tnin 
film piezoelectric elements llA and IIB are driven at a high 
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frequency* 

Furtner, the allder 2 ana the slldex holding 
plate 103 arc supported on tho dimple 46 so as to rotate 
5 not only in the yaw direction but also In all other diraatlons • 
Therefore, a friction loss of the slider holding plate 103 
upon rotation can be greatly reduced, thereby making It 
possible to produce a great amount of displacecnent of the 
head 1 with a small driving force- 

10 

Further, the center position Ml of the air bearing 
surface 2B substantially corresponds to the center of 
rotation of the slider 2. Therefore, the head 1 on the 
slider 2 la not likely to be disturbed by a Trlctlonal force 
15 due to the viscosity of air, for example. 

Furthermore, the beam structure eompoeed of the thin 
film piezoelectric substrate 8 and the thin film 
piezoelectric elements llA and llB has a high level of 
20 rigidity In a direction indicated by arrow Al lu FIhuxb la. 
Therefore, the vibrational resonance point of the head 
support mechanlBia 200 can be structurally Improved. 

Figures 26A and 26B are schematic diagrams 
25 illustrating a model of another head support mechanism 
according to Example 2 of the present invention. The basic 
structure of the head cupport mechanism is the same as that 
of the above-described head eupport mechanism 200 of 
Example 2 . Thus , the components of the another head support 
30 mechanism are not herein described* 



The another head support mechanlRm of Example 2 is 
characterized as shown In Figure 26A In that the dimple 4Q 
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is posltiuned between ttie tiead 1 and tbe center of gravity 6 
o£ the eroall rotation portion including slider 2 and the 
Biiaer holding plate 103 where the email rotation portion 
rotates on the dimplo 46. 

Voltagea having opposite phases are applied to the 
respecrive thin ^ilm piezoelectric eiemftnts llA and IIB so 
that the head 1 is displaced by a small amount toward a 
position of a target track- In thin case, the 
transformation operation portion 6D of the thin film 
pla2oelefltr1 c substrate 8 is contracted while the 
transformation operation portion es thereof is eacpandedi 
thereby generating forces PI and P2 which act the elastic 
hinge portions 80 and SF in the directions shown in 
Figure 26A. 

In this eaes. the transformation operation 
portions eD and BE can be displaced in the contraction and 
expansion directions. However, the slider holding 
plate 103 Is restrained in the bend direcLion of the 
transfoitnation operation portion BD and 8B due to 
frlctlonal force. As a result, on angular moment Mo around 
the center of gravity 6 is generated by the forces Pl and 
P2 . which acts on the slider 2 and the slider holding plate 3 . 
There is a distance So between the center 6 of gravity and 
the dimple 4G« so that a reaction force Ro («Mo/So) is 
generated to act the dimple 46. 

The reaction force Rc leads to transformation of the 
beam 4C of the load beam 4. However, as is different from 
the case of Figures 21A and 21B, the reaction force Ro acts 
on the head 1 in the deflired direction of displacement, 
th reby promoting the movement of the head ! due to the 
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rotation of the sUaer 2. Tills situation is shown In 
Figure 26B. 

Slnoe the slider 2 and the slider holding plate 3 
5 each have a mass . thft si Ider 2 and the sTI.der holding plate 3 
exhibit a chareoterlstlc In which a phase leads an Input 
signal instructing the movement of the head 1* 

Figures 27A and 27B are graphs showing tracking 
10 charaoterlstlcs of the head support meohmlsm of 
Figures 2SA and 2SB with respect to a target track o£ the 
head. Figure Z7h shows gain characteristics, and 
Figure 27B shows phase characteristics. 

15 In Figures 27A and 27B, reference nvunerals Jl 

through J5 each indicate a resonance point when the thin 
film piezoelectric elements llA and llB in the head support 
machanlsin of Figures 26A and 26B are driven. Jl indicates 
a resonance points in a twist first -order mode of the beam 

20 portion 4C of the load beam 4 shown in Figure 23A. J2 
indicatee a resonance point in a twist eeoond- order mode 
of the beam portion 4C of the load beam 4 shown in Figure 23B. 
J3 indicates a xeeonanoe point in a plane vibration mode 
(Sway} of the beam portion 4C of the load beam 4 shown in 

25 Figure 230. J4 and J5 each indicate a resonance point in 
a resonance mode of the transformation operation 
portions SD and SB of the thin film pioaoclootrio 
substrate B. 

30 The phase characteristics of the resonance 

points J2 end J3 in Figures 27A and 27S each exhibit a 
leading phase, which is advantageous to the stability of 
the control. Further , if the peak values of the gain 
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GbaractBrlBtlcs of the resonance points J2 ana J3 are 
attenuated by a damper or the like (not ehown)i more 
satififactoxy control charaoteristloa can oe obtained. 

5 in the another head support menhanlem of Example 2 . 

the dimple 46 is positioned between the head 1 and the center 
of: gravity G of the small rotation portion including 
slider 2 and the slider holding portion 103 where the small 
rotation portion rotates on the dimple 46. Therefore, when 
10 a thin film pie^fioelectrlu element Is drlveu at a high 
frequency, an excellent response oharacterietie is obtained 
in operation. Further, a stable aontrol char aoterla tic can 
be achieved in spite o£ variations in the position of the 
center of gravity. 

15 

(ExdiDpla 3] 

Figure 2B is a perspeotlve view illustrating a head 
support mechanism 300 for use in a disk apparatus according 
to Example 3 of the present invention, viewed from a disk 

20 side. Figure 29 is an exploded, perspective view 
illustrating the head support mechanism 300. Components 
similar to the corresponding components described in 
Example 1 ore designated by the sane reference numerale ac 
used in Example 1. The aescrlptlon of such components is 

25 therefore omitted. 

Referring to Figures 26 and 29, the head support 
mechanism 300 nas a load beam 4, on a tip portion of which 
a slider 2 attached to a head 1 is supported. The load 
30 beam 4 includes a square- shaped base portion 4A whlcA is 
fixedbybeamwelding to abaseplate 5. The base portion 4A 
and the base plate 5 are attached to a head actuator arm 
(not shown). The load beam 4 Includes a neck portion 4B 
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tapering from tne Dase portion 4A» and a team portion 4C 
extending straight from the neck portion 4B. An opening 
portion 4D IS provided in the middle of the neok portion 4B. 
In the neck portion 4B, portlona on the opposite sides of 
S the opening portion 4D each function as a plate spring 
portion 4B. 

As shown 111 Figure 30, a head 1 Including oii MR 
element is provided In a side of the slider 2, Further, four 

10 texmlnals 2A througn 2D are disposed In a transverse 
direction In the lower portion of the side of the slider 2. 
Furthermore, an air bearing surface 2E Is provided on an 
upper side of the slider 2. An air flow generated by a 
roLatlug magnetic disk is passed in a pitch direction of 

IS the slider 3 (a tangential direction of a magnetic disk) 
so that an air lubricating film Is generated between the 
air bearing surface 2S and a magnetic disk. 

As shown in Figure 29, a flexure 307 having a head 
20 conductor pattern 306 is provided on the beam porxlon 4C 
of the load beam 4. A base material of the flexure 307 le 
Stainless Steel. The slider 2 carrying the head lis placed 
on a slider attachment portion 307X of the flexure 307. 

25 As shown in Figure 31, patterned conductors 306A, 

306B, 306C and 3060 are provided on the flexure 307. A 
slider holding plate 303A is attached to a sido opposite 
to the slider 2 of the slider attjichment portion 307X. Tne 
outside shape of the slider holding plate 303A is formed 

30 along with the flexure substrate 303 by etching. Further, 
a projection portion 303B is provided in the slider holding 
plate 303A. The projection portion 303B contacts a 
dimple 4G which is provided in the vicinity of the Lip 
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portion Of the load team 4 of Figure 29. Tne projection 
portion 303B la praaaed by the dimple 4G ao that the alider 
holding Plate 303A oan be rotated on the dimple 4G in all 
direotions . 

s 

The alldar 2 of Figure 30 is attnohed to the alider 
holding plats 303A in suah a manner that the canter 
position Ml of the air bearing surface 2E aubstantially 
corresponds to the dimple 4CS of the load beam 4 of Figure 29. 
10 An externally conae(;Led lermlxial holding puxrLluu 307X is 
provided on the other end of the flexure 307 as shown in 
Figure 29. T!he externally conneoted terminal holding 
portion 307y is disposed at an edge of the base portion 4A 
of the load beam 4. 

15 

Aa shown in Figure 29 ^ a pair of regulation 
portions 4F are provided on the tip portion of the beam 
portion 4C. There is an appropriate gap between the 
regulation portions 4F and the slider holding plate 303A 
20 ao LhaC the slider holding plate 303A can be rotated. Each 
regulation portion 4F extends straight from the tip portion 
of the beam portion 4C toward the base portion 4A. 

A thin film ple2oeiectrio element 310 in Example 3 
as la attached to thin film pieaoelectrlc holding 
portions 308A and 308B of the flexure 307 (Figures 29 and 
31) . Figure 32 io a top view of the thin film pleaoolootric 
element 310. The thin film piezoelectric element 310 
inoludea a pair of elements 310A and 3I0B which are separated 
30 from each other. Figure 33 is a cross-sectional view of the 
thin film piezoelectric element 310. The thin film 
piezoelectric element 310 has two layers, i.e., first and 
aecond thin film pieaoelectrlc elementa ailA and 311B. 
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Flrat ana 6eccind metal electrode films 312A and 312B are 
provided on upper and lower eldee of tbe f Iret thin film 
piazoelectrlc element 311A. respectively. Tne first thin- 
film piesoeleatrio element 311X Is provided above the 
9 second tnin film piezoelectric element 311B. siiniiariy, 
third and fourth metal electrode films 312C and 312D are 
provided on upper ana lower Rinea or tna second tnin film 
piezoelectric element 3 IIB, respectively. The second 
metal electrode film 312B and the fourth metal alefltrode 
10 film 312D are electrically shorted by ' a conductive 
adhesive 313. The entire th1n film piezoelectric 
element 310 ia covered with flexible coating resin 314, 
The coating resin 314 combines the thin film piezoelectric 
element 310A with tbe thin film piezoelectric element 310B. 

15 

Figure 34 is a top view o£ the Ilexura 307. 
Figure 35 Is a cross -sectional view of the thin film 
piezoelectric element holding purtloua 308A and 308B of the 
flexure 307. taken along line X2-Z2 shown in Figure 34. 

20 Substrates 315A and 315B In the respective thlu film 
piezoelectric element holding portions 30 8A and 308S are 
formed at the same Lime when a conducLor 306 Is formed and 
patterned by etching or the like, so that the material and 
thlckbese of the substrates 315A and 315B are substantially 

25 identical to those of the conductor 306, and the 
substrates 315A and 31SB and the conductor 306 are provided 
on the same plane. The substrates 315A and 315B and the 
conductor 306 are covered with an insulating material 316 
such as polyimide resin. A side of the subetrates 315A and 

30 315B are exposed, to which side the thin film piezoelectric 
element 310 ie attached « so that the adhesive strength 
between tne thin film piezoelectric element 3lQ and the 
substrates 315A and 315B is secured. Figure 36 is a bottom 
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view uf the flexure 307 « as Is different from Figure 34. 

Figure 37 is a cross -sectional view illustrating 
the thin film piOBoclcotric clement holding portions SOSA 
9 and 306B attacned to the thin film piezoelectric alemant 310 
using an adhesive 317. As shown in Figure 37, the thin film 
plezoaleotric element holding portions 310A and 310B each 
Include e two layer structure composed of the first and 
second thin film p1.e7.6el6Ctr1c elements 311A Find 3HB. 

10 

A$ Shown in Figure 38A, the metal electrode 
film 312A (312C} is provided on a mono-crystal 
substrate 318 having a lattice constant close to that of. 
the first and second thin film piezoelectric elements 311A 

15 and 311B, As shown in Figure 388, the first thin film 
piezoelectric elemeiiL 311A (311B}. which is made of PZT or 
the like, is provided on the metal electrode film 312A (312C) . 
Therefure, the thin film piezoelectric element 311A {311B) 
is mono* crys tally grown on the metal electrode film 312A. 

20 As shown in Figure 3eCi the metal eleckx^de film 3120 (312D) 
is provided on the upper side of the thin film piezoelectric 
elemenl 311A (311B}. In this case, the polarization 
direction of the thin film piesoelectric element 311A 
(311B) is uniformly a direction Indicated hy arrows A in 

25 Figure 380, just after the formation of the film. The 
linear thermal expansion coefficient of the mono- crystal 
substrate 318 is higher than that of the thin film 
piezoelectric element 311A (311b}. 

30 Referring to Figures 39A through 396 and l^igure 40 , 

a method for producing the two layer structure will be 
described. Figures SSA through 396 show a procedure for 
producing a two*layer structure of thin film piesoelectric 
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Blement fonnea on a mono -crystal substrata. Figure 40 is 
a f lowobart showing a nathod for pzoduolng the thin £ilro 
piezoelectric element of Example 3. as shown in Figure 39A/ 
a first metal electrode film 312A, a first thin film 
5 piezoelectric elaraant 311A, and a second metal electrode 
film 312B are formed on a first mono-oz7stal substrate SISA 
(Figure 40: S1301). As shcvm in Figure 39B, a third metal 
electrode film 312C, a second thin film piezoelactrlc 
alamant: 311B, and a fourth metal electrode film 312D are 
10 foxnnd on a second moao-cryetal substrata 3168 (Figure 40: 
SI 302). 

As shown in Figure 390. the second metal electrode 
film 312B (Figure 39A) and the fourth metal electrode 

15 film 312D (Figure 39B] are adhered to each other using the 
conductive' adliBslvs 313 (Figure 40: S1303). As shown in 
Figure 39D, the first mono-crystal substrate 318A of the 
mono-crystal substrate 318 Is removed by etching 
(Figure 40s S1304.). As shown in Figure 39H, the two- layer 

20 struuLura of the thin film piezoelectric elements 311A and 
311B are dry-etched to be in the form of the thin film 
plazoelectrlo element 310 (Figure 40: SlSOa). As shown in 
Figure 39F« a aurface of the second mono-crystal 
substrate 3188 on which the thin film piezoelectric 

25 element 310 is formed is covered with the coating resin 314 
so as to avoid corrosion of the thin film piezoelectric 
element 310 (Figure 40: 61306). As shown in Figure 396, 
the still remaining second mono-crystal substrate 318B is 
removed by etching to obtain the thin film piezoeleotrio 

30 element 310A (310B} (Figure 40: 81307). Note that the 
first metal electrode film 312B and the fourth metal 
alaetroda film 312D are adhered to each other using a thermal 
melting technique using ultrasonic vibration. 
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Wet otahlng or the Ilka other than dry etching can 
D6 used as a shaping method In the present invention. 

5 Referring to Figure 29, one end of the thin film 

piezoelectric element terminals 309A, 309B, and 309D 

provided in a middle of the flexure 307 are connected to 
the externally conneoted tennlnal holding portion 3077 
whloh Is connected to an external driving circuit. 
10 Referring to Figure 31, lluXage portions S19A and S19B 
which link the respective thin film piezoelectric 
portions SOOA and 30BB In the flexure 307 with the slider 
attachment portion 307X. are elastic hinge portions. 

15 Referring to Figure 41, formation of the electrodes 

in the thin film piezoelectric element 310 (310A and 310S] 
will be described, A positive voltage Is applied to the 
metal electrode films 312A and 312C. The metal electrode 
films 312B and 3L2D are grounded. Figure 41 is a diagram 

20 lllusLrating junction of the thin film piezoelectric 
element 310 (310A and 310B) and the thin film plsEoeleetrlc 
terminal 309A and 309B at a position corresponding to the 
Y2-y2 crose-seotlon of Figures 33 and 34. A method for 
forming ground connection portions 320 in the thin flija 

25 piezoelectric element 310 ( 310A and 310B) will be described. 
AS shown m Figure 41, the first metal electrode film 312A 
and the first thin film pleaoeleotrlo element 311A are 
etched (a first etching step) up to the upper surface of 
the seoondmetal electrode film 312B. In the etched portion, 

30 the second metal electrode film 312B and the conductive 
adheaive 313 are removed by etching (second etching step) . 
Thereafter, the first metal electrode film 312A in the 
ground connection portion 320 Is covered with the coating 
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resin 314. Finally, ground metal terminal filniB 321 for 
eborting the eeooad metal elegtxode film 312B and the fourth 
metal electrode film 312D are formed as a ground electrode. 

5 The ground metal terminal films 321 are connected 

via a bonding wire 324 to the respective thin film 
piezoBlectria ftlement terminals 3Q9B and 309C (Figure 34) • 
In the first aleotrode connection portion 322 (Piguree 32 
and 41), part of the coating resin 314 is removed so as to 

10 expose the first metal electrode film 312A. Similarly, in 
the fourth elisntrode connection portl on 323 (Figures 32 and 
41} . part of the ooating resin 314 is removed so as to expose 
the f 1 rst metal electrode film 312A. As shown in Figure 41, 
the first metal electrode film 312A in the electrode 

15 connection portion 322 and the electrode connection 
portion 323 in the electrode connection portion 323 are 
connected via the bonding wire 324 to the thin film 
plezoelecLrlc elements SQSA and 309D» respectively. 

20 The head support mechanism 300 having the thus- 

constructed thin film piezoeleotrio element will be 
described wlLh reference to Figures 42 « 43A« 43B, 44A and 
44B. Figure 42 is a side view of the head support 
meuhoxiism 300. Figure 43A is an enlarged, cross -sectional 

25 view of the thin film piezoelectric element 310A (310B} of 
Figure 42 shown in the dashed circle. The thin film 
piezoelectric element terminals 309B and SOec (Figure 34) 
are grounded. Driving voltages are applied to the thin film 
pieaoeleotrio element terminals 309A and 309D to drive the 

30 thin film piezoelectric elements 310A and 310B, 
respectively, aa shown in Figures 43B and 43C. Driving 
voltages having opposite phases with reference to a Dias 
voltage VO are applied to the thin film piezoelectric 
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slemant terminals 309A and 309D, respectively. 
Consistently-positive driving voltages are applied to the 
thin film plezoeleotrlo elements 311A and 3ilB, 
respectively. As shown in Figure 43A, the thin film 
S piezoelectric elamanta 311A and 311B are contracated In a 
direction indicated by arrow B in the presence of applied 
voirage. in this case, however, the thin film piezoelectric 
element 310A (310B] is bent due to the substrate 315B 
C315A}/ 

10 

The contraction and expansion cf the thin film 
piezoelectric elements SUA and 311B cause the thin film 
piezoelectric element holding portion 308A (30SB) to be 
contracted and expanded, thereby changing a distance L 

15 between a border portion 303X (Figure 36) with the thin film 
piezoelectric element holding portion 300 of the flexure 
substrata 303 and the elastic hinge portion 319A and 319B 
of the flexure 307 (Figure 36) . At the same time, the bend 
of the thin film piezoelectric element holding portion 315 

20 is chon^ied, leading to a change In the curvature of the thin 
film piezoelectric element holding portion 308. Such a 
curvature change leads to a change in the distance L. 
Therefore, the change in the distance L and the curvature 
change are combined. A driving voltage is applied to the 

25 thin film piezoelectric elements 311A and 3HB in a 
polarization direction A shown in Figure 38C. Therefore, 
the polarization of the thin film piezoelectric 
elements 31 lA and 31 IB are not reversed, so mat 
oharaotoristics of the thin film piezoelectric 

30 elements 311A and 3liB are not impaired. 

Figure 44A is a diagram illustrating rotati on of the 
slider Z when the thin film piezoelectric element 310A is 
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expandea diid the thin film piezoelectric element 310B is^ 
contracted. Figure 44B is a echematio diagram of 
Figure 44A. when the thin film pieaoelectric element 310A 
iB expanded in a direction indicated by arrows B and the 
5 thin film piezoelaGtric element 310B la contracted in 

direction indicated by arrows D« the slider 2 and the slider 
holding plara 303A are rotated m a direction indicated by 
arrow C on the dimple 49 contacting the projection 
portion 303B. Tharefora, the head 1 providftd on the 
10 slider 2 is moved along a width direction of each track 
provided In the form of a concentric circle on a magnetic 
disk. Thereby, a high-precision on- track capability can be 
obtained* 

15 A load on the elastic hinge portions 319A and 319B 

upon rotation o£ the slider holding plate 303A Is reduced 
so that the slider attachment portion 303A can be reliably 
rotated, since the elastic hinge portions 3 ISA and 319B each 
have a minimum width required for provision of the patterned 

20 conductors 306A, 306B, 306C and 306D (Figure 31) . 

A load (20 to 30 mN) is applied to the slider 2 via 
the plate spring portion 4E (Figure 29) of the load beam 4. 
Whea the slider holding plate 303A is rotated, such a load 

25 is applied between the dimple 4G and the slider holding 
. plate 303A- Therefore, frictional force determined by a 
frictional coefficient between the slider holding 
plate 303A and the dimple 4G is applied to the slider holding 
plate 303A. Thereby, the frictional force provonts the 

30 slider holding place 303A from being shifted from the 
dimple 46, although the projection portion 303B of the 
slider holding plate 303A can ba freely rotated on the 
dimple 49 • 
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Referring to Figure 44B, a first beam 3L61 
csonalatlng of the thin film pleaoelectrlc element holding 
portion 30eA and the thin film piezoelectric element 310A 
5 and a second beam 3162 conBlsting of the thin £ilm 
piezoelectric element holding portion 306B and the thin 
film piezoelectric element 310B are linked to the slider 
holding plate 303A In such a manner that the slider holding 
plate 303A can be restrained by the dimple 40 and rotated 
10 on the dimple 4G. The head i is provided oh the slider z 
a distance F from the dimple 46. 

The elastic hinge portions 319A and 3193 are each 
sufficiently flexible such that the slider 2 can be rotated 
IB in the roll direction auid the pitch direction. Therefore, 
a floating characteristic of the slider 2 with respect to 
a magnetic disk can be made satisfactory. 

As described above, according to Example 3, a thin 
20 film piezoelectric actuator can be achieved « in wnicn a 
mono-crystal piesoelectrlc element has a two-layer 
Structure, wherecy a great displacement can Da obtained by 
a small level of voltage. 

25 Further, the two-layer structure confers rigidity 

to the thin film plestoelectric element , thereby IncresRlng 
the resonance frequency of the actuator. Therefore, the 
driving frequency can be increased, thereby making it 
possible to obtain a high level tracking characteristic. 

30 

As described above « in the head support mechanism 
of the present invention for use in a disk apparatus, the 
head can be moved by a small amount with great precision 
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for tUe purpose of tracKing oorrection ana tne like, and 
the head oan be effectively moved by a small amount in 
response to an applied voitaga. 

5 Further, the head support mechanism of the present 

Invention has a simple structure in which thin film 
piezoelectric elements are provided on a single side of a 
substrate I thereby reducing manufacturing cost by a great 
amount. 

10 

Furthermore, in the head support mechanism of the 
present invention « the center of gravity of the small 
rotation portion ixioluding the slider can be optimized, 
thereby greatly ameliorating a potential adverse resonance 
IS characteristic of the load beam. 

Various other modif icatioas will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of thie invention. 
20 Accordingly, it is not Intended that the scope of the claims 
appended hereto be limited to the desoription as set forth 
herein, but rather that the claims be broadly construed. 



